clinical practice for imaging, treatment planning and dose delivery. Consequently, it is necessary to verify such techniques and/or investigate the related dosimetric improvements under conditions as close as possible to the clinical situation. For this purpose a respiratory motion phantom, i.e. the Advanced Radiation Dosimetry System (ARDOS), was developed and a prototype was realized. This phantom can be used in clinical practice and research to verify dose delivery and image quality of lung cancer patients on a quantitative and reproducible basis.
clinical practice for imaging, treatment planning and dose delivery. Consequently, it is necessary to verify such techniques and/or investigate the related dosimetric improvements under conditions as close as possible to the clinical situation. For this purpose a respiratory motion phantom, i.e. the Advanced Radiation Dosimetry System (ARDOS), was developed and a prototype was realized. This phantom can be used in clinical practice and research to verify dose delivery and image quality of lung cancer patients on a quantitative and reproducible basis.
Material and Methods:
The phantom represents an average human torso with a movable tumor insert and comprises a chest wall, ribs, and lungs ( Figure 1a ). These parts consist of tissue-equivalent materials. Different types of dosimeters can be inserted at the position of the tumor. The phantom's movement is based on an ARDUINO microcontroller and dedicated software allowing to program independent motions: translational motion for all the parts individually, while the tumor additionally can be rotated. Some basic motion types like sinusoidal and quadratic are preprogrammed with the possibility of changing their parameters. Moreover, complex or irregular motions (e.g., patient-specific breathing cycles) can be reproduced.
Results:
To demonstrate the versatility of the phantom first a dosimetric investigation was performed using a clinical stereotactic photon beam treatment plan. The dosimetric study was based on ionization chamber, EBT3 film, and TL dosimetry. The obtained results showed differences (among the dosimeters) in the delivered dose between static and chest-wall-only or ribs-only motion of up to 1.2%. This value increased to 4.3% for tumor-only-and all-of-the-parts motion modes. In the second step real-time 2D/3D image registration software was verified using kV images with the moving tumor, chest wall and ribs in the phantom. Figure 1b shows results obtained from this tumor motion tracking sub-study.
Conclusion:
In this pilot study, the anthropomorphic phantom with its specific characteristics (mimicking a tumor, rib cage, and lungs), flexibility, and possibility to offer closeto-real conditions was found to be easily applicable for stateof-the-art research and QA purposes for advanced clinical practice. In the next steps of the project the evaluation of scanned ion beam radiotherapy for a moving target, as well as the development of a 4D QA workflow protocols, and the comparison of measurement data with numerical simulations are envisaged. Purpose or Objective: MRI-guided radiotherapy is an emerging field of considerable interest and has prompted the development of specialized treatment units which integrate MR-imaging systems with radiation sources. Such devices require patients and dosimetry equipment to be immersed in a magnetic (B-)field. Consequently the B-field influences the trajectory of charged particles via the Lorentz force which affects the dose-distribution in water and, critically, the response of the ionization chambers (IC) that are needed for reference dosimetry. To accurately calibrate MRI-RT units it is necessary to correct the chamber readings for these effects. The purpose of this study was to validate Monte Carlo (MC) calculations of IC correction factors against measurements with and without a 1.5 T B-field in an MRI-RT unit.
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Material and Methods:
Measurements were performed using an Elekta 1.5 T MR-linac located at The University of Texas MD Anderson Cancer Center with and without the B-field. An NE2571 Farmer chamber was placed at isocenter at depths of 10 and 20 cm in a water-equivalent plastic phantom. Three orientations were examined: i) the chamber's long-axis parallel to the B-field; ii) the long-axis rotated 90° clockwise w.r.t. the B-field; and iii) the long-axis rotated 90° anticlockwise w.r.t. the B-field. The long-axis was always perpendicular to the beam. Measured charge readings were corrected for temperature, pressure, polarity and ion recombination using the TG-51 protocol. The ratios of the corrected readings with and without the B-field were compared with those predicted by a Geant4 MC model of the chamber with the energy spectrum from an Elekta MR-linac used as a source.
Results:
The measurements indicate that the change in chamber signal due to the B-field ranges from 1.4-2.5% and depends on the chamber orientation which compares to the range of 1.7-3.3% predicted by MC. The ratio of the signal with and without the B-field was within 0.3% of the MC values except for the clockwise perpendicular orientation in which a larger discrepancy of 2.5% was found. However, the two perpendicular orientations differed from each other in both the measured and MC data.
Conclusion:
Our MC calculations accurately predict the response of the NE2571 Farmer chamber in the 1.5 T MR-linac beam. Measurements performed in the parallel orientation are the least affected by the B-field and can be accurately corrected. Larger uncertainties exist for perpendicular orientations which are possibly due to uncertainties in the MC chamber geometry. Magnetic (B-)fields do not alter the photon energy fluence of the beam but they do change the dose distribution in water. Therefore the quantity that is used to specify the beam quality of an MRI-RT device must ideally be insensitive to these changes. The purpose of this study was to investigate the sensitivity of the two most standard beam quality specifiers (%dd(10)x and TPR20,10) to the presence of the Bfield.
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Material and Methods:
Depth dose curves and tissue phantom ratio at depths of 20 and 10 cm (TPR20,10) values with and without a 1.5 T B-field were calculated using the Geant4 Monte Carlo toolkit with the energy spectrum from an Elekta MRI-linac used as a source. For comparison, TPR20,10 values were also measured with a NE2571 Farmer chamber in a water-equivalent plastic phantom on an Elekta MRI-linac with and without the 1.5 T B-field.
Results:
The measured and calculated TPR20,10 values agreed within 0.3%. The Lorentz force acts perpendicularly to the direction of motion of the secondary electrons causing them to move in spirals which shortens their range. This reduces the depth of the build-up region and enhances the dose per primary photon at the depth of maximum dose (dmax). On the other hand, the dose at depths where transient charged particle equilibrium (CPE) exist are relatively unaffected by the B-field. Consequently, the photon component of the percentage depth dose at 10 cm depth, %dd(10)x, changes by 2.4% when the B-field is applied because this value is normalized to dmax. However, the calculated and measured values of the TPR20,10 changed by only 0.1% and 0.3% respectively due to the fact that both depths (10 and 20 cm) are in regions of transient CPE. (10)x is the photon component of the percentage depth dose at 10 cm water depth. %dd(10) contains electron contamination.
Conclusion:
The TPR20,10 beam quality specifier is more consistent in the presence of B-fields than the %dd(10)x specifier.
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Fricke-type dosimetry for "real-time" 3D dose measurements using MR-guided RT: a feasibility study H.J. Lee Purpose or Objective: To investigate the feasibility of using 3D Fricke-type gel dosimeters for "real-time" dose observations using the combined 1.5 T MRI -6 MV linear accelerator system (MRL).
Material and Methods:
Fricke-type dosimeters were prepared in 97% w/w Milli-Q water with 3% w/w gelatin (300 Bloom), 1 mM ferrous ion, 0.05 mM xylenol orange, 50 mM sulfuric acid, and 1 mM sodium chloride. The dosimeters were stored at 4 °C prior to irradiation and imaging. For this preliminary study, the dosimeters were irradiated in air, with a part of each dosimeter outside the treatment field to act as a reference. MR imaging was performed with the MRL to observe the change in paramagnetic properties pre and post irradiation using a T1-weighted sequence of TR = 500 ms and TE = 20 ms. MRI during irradiation was done in the MRL using a fast sequence of TR = 5 ms and TE = 1.7 ms.
Results: When exposed to ionizing radiation, ferrous ions are oxidized to ferric ions forming a 1:1 xylenol orange -ferric complex in radiochromic Fricke dosimeters. The corresponding changes in paramagnetic properties can be measured using an MRI. The paramagnetic spin changes, which are dependent on the concentrations of ferrous and ferric ion species, were observable on T1-weighted images due to changes in the spin-lattice relaxation rate (R1 = 1/T1). We observed a mean increase in pixel value of 53% from unirradiated to irradiated regions of about 20 Gy. The increase in pixel value and corresponding dose was also visible during irradiation using a fast MR sequence with four snapshots included in the figure (in RGB color scale to emphasize the irradiated region). Visibly, the dosimeter underwent a color change from yellow to purple with the formation of the xylenol orange -ferric complex.
Conclusion:
Our Fricke-type dosimeters displayed visible ferric complex formation with xylenol orange after irradiation using the 6 MV linear accelerator component of
